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$cu+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}p=r$ , $x\in\Omega$ (1a)
$\mathrm{d}\mathrm{i}\mathrm{v}u=0$ , $x\in\Omega$ (1b)
, $u(x)=(u_{1}(x),\cdots,u_{m}(x)):\Omegaarrow$ $p(x):\Omegaarrow R$
, $c$ $r=(r_{1}(x),\cdots,\gamma_{m}(X)):\Omegaarrow R^{m}$ (1)
(1) [2]
, (1) ,
$\phi_{\beta}(X)\mathrm{e}_{j},$ $i=1,\cdots,m,$ $\rho=1,\cdots,Nu$ ( $\phi_{\beta}(X\rangle:\Omegaarrow R$ , $\mathrm{e}_{j}\in R^{m}$ $X_{j}$
) , $\psi_{\lambda}(X),$ $\lambda=1,\cdots,N_{P}$ ,




, $u_{\beta}.\in R^{m}$ , $p_{\lambda}\in R$
( ) , ,
$Mu_{h}+B^{\mathrm{r}}p_{h}=r_{h}$ , $(2\mathrm{a})\backslash$
$Bu_{h}=0$ (2b)
, $u_{h}\in R^{mNu}$ $p_{h}\in R^{Np}$ , $M$
,
$[M]_{a\rho^{\equiv C}}^{i\dot{\ovalbox{\tt\small REJECT}}} \int\Omega\beta j=_{C}\psi a\mathrm{e}\cdot\emptyset i\kappa \mathrm{e}d\delta ji\int_{\Omega}\phi_{\alpha}\psi_{\rho}dX$
$B$ ,










– $p_{h}$ (2a) $u_{h}$
2.
(2) , ( )
, 2 (m $=_{\wedge}’$ )$’$ 3 (m $=3$ )
21
, (m $=_{\sim}^{\gamma}$ ), (m $=3$ ) m-
( $m=2$ 3 , $m=3$ 4 ) ( 1)
137
$n$ , $Ne$ , $Ne=2n^{2}(_{m=}2)$ , $6n^{3}$
$(m=3)$ , $Np$ m $=\underline{9}$ $n^{2}= \frac{1}{2}$ Ne, $m=3$ $n^{3}= \frac{1}{6}$Ne




2, 3 P2 PI/PI
, P2 P1/P1 [4]
$\text{ _{ } }\psi\kappa(X)\in C(\overline{\Omega})$ 1 , $\phi_{a}(x)\in C(\overline{\Omega})$
$\gamma^{m}$
“ m- 1 ( $\sim 9$ )
, II]f-Sup , (3) –
[5]
P2 P1/P1 , Np ,




, $n=100$ , $n=10$
, 2 , $Np=1\alpha$) ,





$[B]_{\kappa\beta}^{j}$ , $\psi_{\kappa}(X)$ $\phi_{\beta}(x)$
, $\psi_{\kappa}(x)$
, $\emptyset_{\beta^{(_{\backslash }\chi}}$) 19 (m $=2$ ) 65 $(\mathrm{m}=3)$ ( 3)
, $B$ , $m=2$ $Np\mathrm{x}19m=38N_{P}$ , $m=3$ :
$Np\cross 65m=195Np$
3. $\psi_{\kappa}(X)$ $\phi_{\beta}(\chi)$ $\phi_{\beta}(x)$ (m $=2,3$ )
, $[B\overline{M}^{-1}B^{\tau}]\kappa’\lambda$





$(\mathrm{m}=2)$ 65 $(m=3)$ , ,
$m=2$ $Np\cross 19/2\cong 10Np$ , $m=3$ $N_{P^{\cross}}65/2\cong 33NP$
, $2$
, $2Np^{()m}m- 1/$ ,
$Np\cross 2Np^{\langle 1)}=2m-/mNP(2m-1)/m$ 2 $Np$
( ) ,
23
, 100MB\sim IGB [61
2 , 2 , ,
3 , ,
, $B$
, PPE $u_{h}$ ,
,
, – , ,
3 ,
3.
PPE $B\overline{M}^{-1}B^{T}$ – CG
CG ,
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( $v_{h}l\mathrm{h}_{u_{h}}$ ) ,
, (3) $u_{h}$
(2a)












! $j=1’,\underline{)},3,$ $\beta=1,2,\cdots,10$ (DO
$\circ$
)
vh ( $j$ ,NDE $\beta\langle \mathrm{i}\mathrm{e}$ ) $)=\mathrm{v}\mathrm{h}$ ( $j$ ,NDE $\beta(\mathrm{i}\mathrm{e})$ ) $+(B_{NDg1(e}^{J}\star \mathrm{q}),NDE\mu e)\mathrm{h}$ (NDEI (1e)) &
$+$ $B_{NDE2\mathrm{t}}^{\text{ }*}\mathrm{q}e),NDE\mu_{e})\mathrm{h}$ (NDE2 $(\mathrm{i}\mathrm{e})$ ) &
$+$ $B_{NDE3}^{j}\mathrm{q}(e),NDE\rho_{\mathrm{t}}e)^{\star}\mathrm{h}$(NDE3 $\langle \mathrm{i}\mathrm{e}$ ) $)$ &




REAL vh $\langle$ 3,Nu) , qh (Np)
$v_{h},$ $q_{h}$ , ,





























$\beta(1\leq\beta\leq 10)$ $NDE\beta(ie),$ $ie=1,\cdots$ ,Ne
, $NDE\beta(ie),$ $ie=1,\cdots$ ,Ne 2
4 ,

















3. ( : )
Present Conventional Ratio
Bvh Vector 0.004 0.061 0.06
Scalar 0.409 0.124 33
$\mathrm{t}\mathrm{B}\mathrm{q}\mathrm{h}$ Vector 0.\alpha 0.106 $().06$
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(1)
$\Omega$ $m$ ( $m=2,3\rangle$ Navier-Stokes :
$\frac{\partial u}{\ }+u\cdot \mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}u-\frac{1}{Re}\Delta u+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}p=f$ , $x\in\Omega$ , $t>0$
$\mathrm{d}\mathrm{i}\mathrm{v}u=0$ , $x\in\Omega$ , $t>\mathit{0}$
, $u(x,r):\Omega\cross(\mathrm{o},+\infty)arrow R^{m}$ $p(x,t):\Omega\cross(0,+\infty)arrow R$
, Re Reymolds , f(X,t):\Omega $\cross$ (0,-s-oo)\rightarrow Rm
$[5, 7]$ $\tau$ , $u^{n},p^{n}$
$n\tau$ $u,$ $p$ , ,
$\frac{1}{\tau}u^{n+1}+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}p^{n}=\frac{1}{\tau}u^{n}-u^{n}\cdot \mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}un+\frac{1}{Re}\Delta u^{n}+f$ $x\in\Omega,$ $n=0,1,2,\cdots$
$\mathrm{d}\mathrm{i}\mathrm{v}u^{n+}=01$ $x\in\Omega,$ $n=\mathit{0},1,2,$ $\cdots$
, un , pn un+l
, (1)
3 [8] (1)
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